Background
Results
Following the training intervention, improvements in knowledge scores were seen across topics and across districts. These changes in knowledge were statistically significant (p<0.001) and of large magnitude (over 45 percentage points or four standard deviations). However, the CHWs assigned to the test-test-train schedule in one district showed high gains in knowledge prior to receiving the training. All CHWs reported high levels of satisfaction with the training and marked improvements in their confidence in advising clients. The training cost around US$48 per CHW per day and has the potential to be cost-effective if the large gains in knowledge are translated into improved field-based performance and thus health outcomes. PLOS 
Introduction
Community Health Workers (CHWs) have played a major role in improving health in many low-and middle-income countries (LMICs). [1] In Sub-Saharan Africa, CHWs have made a significant contribution to the fight against HIV/AIDS and tuberculosis by linking and retaining patients in appropriate care and helping them adhere to long-term therapy. [2] As the HIV epidemic comes under control, and inspired by the wider contributions that CHWs have made to healthcare in Asia and South America, [3] African countries are increasingly promulgating policies to employ more CHWs and increase their range of tasks. [4, 5] Critical to the success of CHW programmes is the provision of high-quality initial and ongoing training. [6] However, some CHWs do not receive a sufficient quantity of quality of training. [7, 8] As a result, their knowledge has often been found to be inadequate when assessed. [9, 10] In this paper we report on the development and evaluation of a scalable educational intervention to reinforce and extend the knowledge of CHWs employed in KwaZulu-Natal, South Africa. South Africa's health guidelines prioritise certain topics for the ongoing training of CHWs. We selected two topic groups from these guidelines: HIV/AIDS, Sexually transmitted disease and Tuberculosis (HAST), and Women's Sexual and Reproductive Health and Rights (WSRHR). The principle aims of our project were to:
1. Determine whether, and to what extent, a short (two day) training course designed to meet local needs could improve knowledge among CHWs.
2. Examine the extent to which testing was itself an educational tool (i.e. examine test 'reactivity').
3. Determine the extent to which CHWs' knowledge would improve over a module covering topics with which they were familiar from the workplace (HAST) vs. a module containing a higher proportion of new material (WSRHR).
4. Estimate the relationship between individual CHWs' baseline knowledge and the extent to which new knowledge was acquired.
5. Measure the change in confidence following education, CHWs' satisfaction with the education provided, and estimate the relationship between post-intervention knowledge and confidence.
6. Determine the cost of running the course.
Materials and methods
The protocol for this study can be found at: http://www.warwick.ac.uk/fac/med/about/centres/ cahrd/lay_community_health_workers/
Study setting
The setting for the project was two districts (A and B) in KwaZulu-Natal province in South Africa. KwaZulu-Natal has a well-developed CHW system. These districts were selected because the project partner, Sizabantu, a South African registered non-governmental organisation (NGO), had a strong presence in the districts, already operated a home-based care service provided by CHWs, and provided some training to NGO employed or associated CHWs. Box 1 has a description of each district.
The intervention and its development
Intervention design conformed with established principles, for example the recent WHO and United Nations Population Fund Report. [11] The intervention was designed to align to national health priorities and the needs of the CHWs, which were explored qualitatively in the first phase of the project. CHWs were involved in design of the training, which was adapted to local needs. Intervention development proceeded through three stages: curriculum design, design of an intervention to deliver the curriculum, and pilot implementation. 1. Curriculum. The curriculum encompassed two topics (HAST and WSRHR) each covering a focus area designated by the National Government, so the (top-down) starting point was a review of the existing KwaZulu Natal CHW training manual. This existing curriculum was subsequently developed by triangulation with consultation with domain experts, Department of Health professional staff, and CHWs. In this way we sought to ensure that the
Box 1: Description of the two districts
District A is located in the interior of KwaZulu-Natal. Each community area has a maleled committee, which focusses on advocacy for the provision of, and access to, various services, including healthcare, mostly associated with HIV/AIDS. The committees operate in collaboration with the Department for Cooperative Governance and Traditional Affairs (CoGTA) and the relevant local municipality. The district is served by a government health clinic based outside the district, and a mobile clinic, headed by a staff nurse, visits the district every six weeks. CHWs are supported by Sizabantu, other NGOs, or the KwaZulu-Natal Department of Health. However, there are no ward-based outreach teams operating in this district.
District B is located on the coast of KwaZulu-Natal. The district is characterised by high migration, both domestic and regional. People move as individuals and families come to the area in search of employment opportunities on sugar cane farms and in tourism. Resources and infrastructure are provided by the government, and coordinated by a representative from CoGTA and associated committees. The diversity of the population in the district and area-level management results in a disparity in service provision between areas. CHWs linked to Sizabantu, other NGOs, and some who are governmentemployed operate across four community areas. Again, there are no ward-based outreach teams in operation.
In both districts, Department of Health-employed CHWs are linked to primary healthcare clinics but the allocation of CHWs to households is done informally. curriculum covered material necessary to understand each topic and would help CHWs meet the needs of their communities as reported by health officials, supervisors and clinic managers, conformed with national policy requirements, and met the expressed (bottom-up) needs of the local CHWs themselves (i.e. their expressed opinions of what they felt was missing from their training and what and how they would prefer to learn).
2. Design of an intervention to deliver the curriculum. This stage consisted of two tasks. First, teaching materials were developed to represent the curriculum. Again, advice was sought from Department of Health employees and domain experts. These materials are available online at: http://www2.warwick.ac.uk/fac/med/about/global/etatmba/training/, under a Creative Commons license. Second, a training structure was devised in consultation with CHWs.
3. Pilot intervention. The pilot consisted of two workshops, one for each module, each delivered over two days with about five hours of contact and testing time each day. The intervention was delivered in the local language, isiZulu, by AP who was supported by topic area experts and two translators. The intervention was evaluated using multiple methods-multiple choice (single best answer) tests before and after each training session, CHWs' ratings of their confidence to advise clients and their perceptions of the topics, semi-structured interviews with each participant CHW, and focus groups [total N = 16] . A number of changes were made as a result. First, we increased participant engagement, so that the teaching style became more interactive and less didactic. Second, we adapted delivery according to different learning needs across the districts. For instance, the topic of intimate partner violence needed to be approached with particular sensitivity in the more traditional district A. Third, we found that participants struggled with multiple choice tests, so we opted for a 'yes, no, don't know' format in the subsequent study. Fourth, to keep costs to a minimum we increased the size of each training group from eight in the pilot to 16 in the main study, which we now describe.
Participants
The CHWs were selected for participation in the main study through an advertisement in a local newspaper in each district. CHWs from any employment background (inclusive of NGO and government employed CHWs) were invited to apply to participate and we received 91 responses. The first 32 CHWs who responded from each district (and whose CHW programme providers agreed that their CHWs could participate) were selected, giving a total of 64 participants. Daily transport to and from the training venues and refreshments were provided. No financial incentive was offered nor were fees charged.
Each of the 64 participating CHWs were given a unique identifier number for their participation in the study. Within each district, the 32 participants were divided into two groups of 16 based on location. Each participant was invited to attend two workshops covering the HAST and WSRHR topics, each over two days. In district A the workshops were held in a community hall and a church hall and in district B the workshops were held in a community hall. These venues were chosen because they were large enough to accommodate all participants, had electricity and were affordable.
Data collection: Test scores, self-rated confidence and satisfaction with the course
Knowledge tests were devised for each topic [see S1 File]. The same test was used before and after the intervention. Every correct answer was given a score of +1, every incorrect answer -1, and every 'don't know' answer 0. The maximum possible score was 56.
Confidence in advising clients on topics covered in the training was elicited by means of a questionnaire both before and after each of the training sessions [see S2 File]. Each question was rated on a five point Likert-type scale, with 1 indicating the lowest level of confidence and 5 the highest. An aggregate rating across the three questions for each workshop was generated for each time point; this rating could range from 3 (low) to 15 (high).
Each participant was also asked to complete a satisfaction questionnaire of five questions [see S3 File] following each module, again rating each question on a five point Likert-type scale.
The test score dataset analysed during this study is available from Mendeley (https://data. mendeley.com/datasets/2zr7k8w5vc/1).
Allocation of participants to pre-defined testing and intervention sequences
We used a modified Solomon four-group design to mitigate the bias introduced by interaction between taking part in a pre-test and the training-the problem of 'reactivity'. [12] The modified Solomon Design is shown in Fig 1. The modification to the 'pure' Solomon design ensures that no CHW was excluded from receiving the intervention. Four CHWs in each group of 16 CHWs were randomised to each of the four 'Solomon sub-groups' by picking names from a hat. We considered this informal method of randomisation suitable for a field experiment. The names were shuffled in public view and pre-test measurements were compared as a 'test' of this procedure. Formative evaluation of a training intervention for community health workers
Data collection: Costs
We designed a resource use and cost data pro-forma including all the individual resources required to deliver the workshop. [14] Actual costs were given in South African Rand (2016) using 'shadow' costs where required (e.g. to hire a computer when in reality the researcher already had one). Calculations were made including and excluding CHW time costs. We did not include the cost of developing the workshops through the three preliminary phases described above. Table 1 summarises the analysis plan. Statistical analysis was undertaken using Stata v14. Because of the number of statistical tests being undertaken, a p-value of <0.005 was used to determine statistical significance using two-tailed tests. The study was designed as an "Intervention development" project, rather than a hypothesis testing project and no sample size calculation was undertaken. However, we thought it important to provide a measure of the precision and statistical significance of the parameter estimates.
Analysis plan

Analysis of cost of training
The value of CHWs' time was estimated based on a stipend of US$60 per month for a CHW working 3.5 days per week. All costs collected in South African Rand were converted to US$ using Purchasing Power Parity and local currency unit exchange rates. [16] Total costs, cost per CHW and costs per day of training per CHW were then calculated, both including and excluding CHW time costs.
Ethics approval
Ethical approval for the project was sought from two institutions, the University of Warwick Biomedical and Scientific Research Ethics Committee and locally from the South African Human Sciences Research Council Research Ethics Committee (HSRC-REC). The Warwick ethics approval was provided for the programme duration, with the project registration code REGO-2015-1663. The ethical clearance code for the obtained approval from HSRC-REC is 1/ 8/11/15, which was valid until 17 February 2018, by which time the study was completed. The unique identifier number used for each CHW ensured that data were anonymous. All CHWs provided written informed consent to participate in this study and none were aged under 18. Approval to conduct this study in South Africa was obtained from the South African Human Sciences Research Council. There was no need for additional permission to undertake this research outside of that provided by the South African Health Sciences Research Council because we worked through the South African organisation Sizabantu. AP did not count as a 'foreign researcher' in terms of South African law owing to her status as trustee of Sizabantu.
Results
Participants
All 64 participating CHWs took part in all testing/training sessions-there were no drop-outs. Characteristics of participants are given by district in Table 2 . The gender balance was similar across districts and just under half were male. CHWs covered a broad age range in both districts, but were slightly younger on average in district B. Twenty five (39%) of the CHWs were employed by an NGO and 39 (61%) employed or associated with the Department of Health. CHWs were reluctant to disclose their prior educational attainment for fear that this may affect their ongoing employment. However, our qualitative data suggested that educational levels were generally lower in district B than district A.
There were no consistent differences in pre-test scores between CHWs in each Solomon sub-group taking the pre-test (Table 3) . In district A, CHWs in Solomon sub-group 1 had lower scores for HAST than those in sub-groups 3 and 4; while those in sub-group 4 had lower scores for WSRHR than CHWs in sub-groups 1 and 3. In district B, CHWs in Solomon subgroup 3 had lower scores for HAST than those in sub-groups 1 and 4.
CHWs in district A had statistically significantly higher pre-test scores than CHWs in district B for HAST (difference in means 7.6/56, t = 3.39, p = 0.001) and higher scores, but not statistically significantly so, for WSRHR (difference in means 4.8/56, t = 2.15, p = 0.037).
Test scores, intervention effectiveness and reactivity bias
The internal consistency of post-test scores amongst Solomon sub-groups 1 and 2 was low (Cronbach alphas of 0.29 for HAST; 0.35 for WSRHR). Combined with standard deviations of test scores of around five marks (out of 56), this implies a standard error of measurement of approximately four marks (seven percentage points) and gains lower than this level could be the result of a lack of reliability of the test (i.e. measurement error).
As shown in Table 3 , the mean improvement in knowledge scores for both topics and in both districts for CHWs in Solomon sub-group 1 was around 25 marks (45 percentage points; effect sizes of at least four standard deviations) and considerably greater than the standard error of measurement. While there was no evidence of 'reactivity' of the test in district A (the interactions between pre-test and intervention were not statistically significant: F = 0.07, p = 0.795 for HAST; F = 1.06, p = 0.312 for WSRHR), there was a large effect of the test alone in district B (interactions: F = 31.6, p<0.001 for HAST; F = 23.3, p<0.001 for WSRHR).
In district A, CHWs in Solomon sub-group 1 improved statistically significantly more than those in sub-group 3 (results of t-tests: HAST t = 12.68, p<0.001; WSRHR t = 9.34, p<0.001, with absolute differences in differences in test scores of around 28 marks or 50 percentage points). In district B, CHWs in Solomon sub-group 3 also showed large improvements in scores despite not receiving the intervention until after the second test, so there was no difference in knowledge gains between the two sub-groups (results of t-tests: HAST t = -0.84, p = 0.415; WSRHR t = 0.55, p = 0.591).
Topics which appeared to be hard to assimilate (from low post-test scores) were appropriate pathways for people needing referral (HAST) and cervical smears (WSRHR). Improvements in test scores for CHWs in Solomon sub-group 1 were slightly higher for HAST than for WSRHR, despite WSRHR being a relatively new topic, although the difference was not statistically significant (paired t-test, combining districts: t = 2.19, p = 0.037).
The intra-cluster correlations were: HAST pre-test 0.30, post-test 0.26; WSRHR pre-test 0.13, post-test 0.31.
Relationship between pre-test scores and improvements in scores
There was a negative relationship between pre-test scores and improvements following the intervention for both topics, which was stronger for WSRHR than for HAST (r = -0.52 
Confidence ratings, satisfaction with training and correlation between confidence rating and knowledge test score
The positive impact of each training workshop on the aggregate confidence ratings in each district is shown in Table 4 . The difference between topics (greater increase for WSRHR than for HAST) would be expected as CHWs tended to have previously been trained on HIV and TB (part of HAST) and had identified a particular training need for the WSRHR topic. The improvement in confidence applied more or less equally across the three questions in each topic area (data not shown). CHWs gave consistently high ratings of their experience of participating in the educational workshops. Over 95% of respondents rated their experience of the workshops, the appropriateness of their content, their interest and value to others as 'definitely' or 'quite' satisfactory. Understanding of course content was similarly rated for WSRHR, but about 85% for the HAST workshop, even though knowledge gains were similar across topics, as reported above.
The relationship between self-rated confidence and post-test scores was explored. Kendall's tau-b correlation coefficients between aggregate confidence ratings at each time point for each workshop were explored and the results are shown in Table 4 . None of the relationships are statistically significant, suggesting that CHWs may not have good insight into their own knowledge-base (self-rated confidence does not seem to be related to knowledge).
Costs of providing training
The costs of the workshops are given in Excel S4 File, which could be used by others to estimate local costs. Excluding CHW time costs and using local currency unit exchange rates, the cost of the training was US$48 per CHW per day (or US$65 including CHW time costs).
Discussion
Neither of two systematic reviews from the Cochrane Library concerning CHWs (sometimes known as lay health workers)-a qualitative study of barriers and facilitators [9] and a quantitative study on effectiveness [3] -cites articles dealing specifically with the effectiveness of education. However, the qualitative study states that, among many other barriers: "[Lay health workers] described insufficient, poor quality, irrelevant and inflexible training programmes, calling for more training in counselling and communication and in topics outside their current role, including common health problems and domestic problems." [9] A recent review [8] found that there are many organisations who provide training for CHWs but few evaluations of CHW training programmes. Even fewer provide detail on training costs. A 2010 report from the Global Health Workforce Alliance also listed inadequate education as one of the factors that limited the success of CHW programmes. [17] This study provides preliminary evidence that considerable improvement in CHWs' knowledge test scores can be achieved by means of an inexpensive, and hence potentially affordable, training intervention, although the interpretations of gains must be tempered given the low Table 1 .
https://doi.org/10.1371/journal.pone.0202817.t004
Formative evaluation of a training intervention for community health workers internal consistency of the tests. The evidence presented shows that health literacy at pre-test (i.e. before any intervention) was generally low, but varied considerably, not only between individuals, but also between the two districts. The data suggest that (over the range observed in this study) CHWs with the lowest pre-test scores gained the most from the training. Selfconfidence improved with training but, in line with the previous psychological literature, [18] individual CHWs' self-rated confidence did not correlate with test scores. Contrary to expectations, pre-test scores on the less familiar topic group (WSRHR) were not lower than for HAST and improvements across the two topics were of a similar magnitude. In part this may be explained by the poor levels of routine training-about half of all CHWs in the North West province of South Africa had not received any training according to one study. [7] The detailed analysis of test scores also helped us identify areas where further training-or revisions to the current training prior to roll-out-would be useful (referral pathways for HAST and cervical smears for WSRHR).
The results concerning 'reactivity' to the test were more surprising. One of the two districts showed strong apparent 'reactivity' while the other showed none at all. We conducted an 'expost' (retrospective) enquiry, [19] with telephone interviews with the eight participants in Solomon sub-group 3 (whose test scores had improved dramatically despite not receiving the intervention). Six of the eight CHWs disclosed that they had made notes during the test, studied the subject between tests and conferred with others. It transpired that they had got together as a group with a local NGO officer to learn more. We speculate that this happened in district B rather than in district A because residents in district B live in closer proximity and because they were not convinced they would receive the intervention after taking the second test (which they did due to our modification of the original Solomon design). Whether improvement brought about by such independent study should be called 'reactivity' is moot. On the one hand the extra-mural study was a reaction to the test and can be ascribed to it, an example of "assessment driving learning". On the other hand the 'reactivity' was not mediated by the cognitive effect of the test per se and so could also be labelled as a form of 'co-intervention'. Either way, the possibility that people may demonstrate this sort of initiative in response to testing is informative and would not have come to light but for the Solomon design.
Ignoring inflation and development costs, the training (US$48 per CHW per day) was relatively low cost, with the daily cost around two-thirds that of the didactic training element of a course to train CHWs to administer Depo-Provera in Zambia reported by Chin-Quee and colleagues, [20] and one-third of that reported for a programme concerned with hypertension in South Africa, [21] although the class size in the latter programme was just six CHWs. However, McCord and colleagues' detailed costing study of CHWs in rural sub-Saharan Africa includes a budget of around $45 per CHW per year for training (around 1.2% of the total cost per-CHW), which suggests that only one day of our training (rather than four) could be provided by a typical CHW programme, and that this would be the only training received during a one year period. As the costs documented in our study are low, the training-if affordable-has the potential to be cost-effective if improvements in knowledge are translated into improvements in the quality of care provided by CHWs (and therefore clinical outcomes). If this is the case, it could be argued that increased investment in CHW training would be desirable, although finding the resources for such additional training is not without difficulty. [22] As suggested above, the cost per CHW will be lower with larger class sizes. The size of CHW training groups is often much larger than in our study, and this could have a negative impact on knowledge acquisition if there is less one-on-one interaction with the tutor. The relative effects on costs and outcomes would need to be considered before making decisions about optimal class size: we would expect non-linear relationships between class size and both costs and outcomes.
There are limitations to the inferences that can be made from our results. First, our observations relate to test scores only and we do not have quantitative estimates of effects on the safety, effectiveness and acceptability of care. That said, knowledge acquisition is a necessary, albeit not sufficient, condition for improved practice. Second, we measured results in the short-term only and therefore have no information on knowledge retention in the longer term. Again, a training course cannot be effective in improving knowledge in the long-term if it is ineffective in improving knowledge in the short-term: there is a need to study methods to enhance retention of knowledge (including use of information technology to deliver continuing or refresher education remotely). Third, we have not compared different methods of education-the intensity, curriculum, duration, delivery method, class size, use of technology, [23] and many other intervention design variables-that could be tested in future comparative studies. Nevertheless, the pre-test scores, variances, intracluster correlations and effect sizes observed in our study will be useful to others proposing further trials of educational interventions for CHWs. Fourth, we used the same test before and after the intervention in keeping with studies elsewhere. [8] While this ensures that both tests were of equal difficulty it limits ability to control for the 'priming' effect of the pre-test, whereby CHWs focus their attention during training on the areas covered in the pre-test. Future studies should consider using a post-test that includes both new and pre-test questions. Fifth, while our intervention was adapted to local circumstances and language, conforming with good practice cited elsewhere, [23] training was led by just one highly-skilled educator. Future studies should seek to draw on a larger number of trainers to evaluate likely effectiveness and not just efficacy. However, the informal training obtained by CHWs from Solomon sub-group three in district B appeared to be as effective as the study intervention, suggesting that our results are generalizable. Sixth, the intervention evaluated here focussed on a sub-set of the technical competencies CHWs need and we did not target attitudes and motivation. That said, the intervention was realistic in scope and addressed health service priorities. Seventh, CHW training is only one component of a successful CHW program, which depends also on selection of CHWs, support from community leaders, appropriate incentives, and integration with health services. Eighth, we measured knowledge, confidence and satisfaction but this excludes (at least partially) putative socio-cultural impacts of educational interventions. [24] We are mindful of this point and will later report a qualitative follow-on study of participants and their clients. Finally, our participants were selected as those first to respond to our invitation, so may have been particularly motivated to learn.
Conclusions
In conclusion, we note that the training curriculum and delivery process were developed following careful consultation with experienced educators, health professionals and CHWs themselves. We believe these activities helped us to achieve a sharp increase in knowledge accompanied by an increase in confidence and could be considered a necessary step in acquisition of knowledge in the field. Given the developmental nature and ensuing limitations of our work, further study is of course required before a programme such as that described here should be rolled-out on a large scale. 
